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The Ten class is a descriptor whose __get___ () method always returns the constant 10:

class Ten:
def _ get_ (self, obj, objtype=None) :
return 10
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class A:
x =5 # Regular class attribute
y = Ten() # Descriptor instance
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>>> a = A() # Make an instance of class A
>>> a.x # Normal attribute lookup

5

>>> a.y # Descriptor lookup

10

In the a.x attribute lookup, the dot operator finds 'x': 5 in the class dictionary. In the a.y lookup, the dot
operator finds a descriptor instance, recognized by its __get___ method. Calling that method returns 10.

10 ghol E & gM v g s gy v o ARZE A efZol ol st Al L. tiAl, 10 @2 84 Al
A Yot

22 YE 7} o WA A FHA Hol FA T, A0k fE5HA & dUTh 458 A
HE 237b e F5Uh

g AAINAL, F o 80 FA 268 05 AQU,

import os
class DirectorySize:

def _ get_ (self, obj, objtype=None) :
return len(os.listdir (obj.dirname))

class Directory:

size = DirectorySize () # Descriptor instance
def _ init_ (self, dirname):
self.dirname = dirname # Regular instance attribute
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>>> s = Directory('songs')

>>> g = Directory('games"')

>>> s.size # The songs directory has twenty files

20

>>> g.size # The games directory has three files

3

>>> os.remove ('games/chess"') # Delete a game

>>> g.size # File count is automatically updated

2
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import logging
logging.basicConfig(level=logging.
class LoggedAgeAccess:

def _ get_ (self, obj,
value obj._age
logging.info ('Accessing

return value

def _ _set_ (self, obj, value):
logging.info ('Updating

obj._age value

class Person:

age LoggedAgeAccess ()

def _ init_ (self,
self.name name
self.age age

name, age):

def birthday (self):
self.age += 1

objtype=

r to

INFO)

None) :

giving %r', 'age', value)
r', 'age', value)

# Descriptor instance

# Regular instance attribute

# Calls __set__ ()

# Calls both __get__ () and __set__ ()
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>>> mary = Person('Mary M', 30)
INFO:root:Updating 'age' to 30
>>> dave = Person('David D', 40)
INFO:root:Updating 'age' to 40

>>> vars (mary)

# The initial age update is logged

# The actual data is in a private attribute
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{'name': 'Mary M', '_age': 30}
>>> vars (dave)
{'name': 'David D', '_age': 40}
>>> mary.age # Access the data and log the lookup
INFO:root:Accessing 'age' giving 30
30
>>> mary.birthday () # Updates are logged as well
INFO:root:Accessing 'age' giving 30
INFO:root:Updating 'age' to 31
>>> dave.name # Regular attribute lookup isn't logged
'David D'
>>> dave.age # Only the managed attribute is logged
INFO:root:Accessing 'age' giving 40
40
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import logging
logging.basicConfig(level=logging.INFO)
class LoggedAccess:
def _ set_name_ (self, owner, name):
self.public_name = name
self.private_name = '_' + name
def _ get_ (self, obj, objtype=None) :
value = getattr(obj, self.private_name)
logging.info ('Accessing ¢r giving %r', self.public_name, value)
return value
def _ _set__ (self, obj, value):
logging.info ('Updating %¢r to %r', self.public_name, wvalue)

setattr (obj, self.private_name,

class Person:

name = LoggedAccess ()

age = LoggedAccess ()

def _ _init__ (self, name, age):
self.name = name

self.age

age

def birthday(self):
self.age += 1

value)

# First descriptor instance
# Second descriptor instance

# Calls the first descriptor
# Calls the second descriptor
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>>> vars (vars (Person) [ "name'])

{'public_name': 'name', 'private_name': '_name'}
>>> vars (vars (Person) ['age'])

{'public_name': 'age', 'private_name': '_age'}
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>>> pete = Person('Peter P', 10)
INFO:root:Updating 'name' to 'Peter P'
INFO:root:Updating 'age' to 10

>>> kate = Person('Catherine C', 20)
INFO:root:Updating 'name' to 'Catherine C'
INFO:root:Updating 'age' to 20

F 702 Person 2Bl 20 &= 7)1 91 o] &t &g Uth:

>>> vars (pete)

{'_name': 'Peter P', '_age': 10}
>>> vars (kate)
{'_name': 'Catherine C', '_age': 20}
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Descriptors get invoked by the dot operator during attribute lookup. If a descriptor is accessed indirectly with
vars (some_class) [descriptor_name], the descriptor instance is returned without invoking it.
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from abc import ABC, abstractmethod
class Validator (ABC) :

def _ set_name__ (self, owner, name):
self.private_name = '_' + name

def _ get_ (self, obj, objtype=None) :
return getattr (obj, self.private_name)

def _ _set_ (self, obj, value):
self.validate (value)
setattr (obj, self.private_name, value)

@abstractmethod
def validate(self, wvalue):
pass
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class OneOf (Validator) :

def _ init__ (self, *options):
self.options = set (options)

def validate (self, wvalue):
if value not in self.options:

raise ValueError (f'Expected {value!/r} to be one of {self.options/r}')

class Number (Validator) :

def _ init_ (self, minvalue=None, maxvalue=None) :
self.minvalue = minvalue
self.maxvalue = maxvalue

def validate(self, wvalue):
if not isinstance(value, (int, float)):
raise TypeError (f'Expected {value!/r} to be an int or float')
if self.minvalue is not None and value < self.minvalue:
raise ValueError (
f'Expected {value!/r} to be at least {self.minvalue!r

(h& sl o] A ol Al<%)



https://en.wikipedia.org/wiki/Predicate_(mathematical_logic)

(o1 = o] A | A Al <5)
)
if self.maxvalue is not None and value > self.maxvalue:
raise ValueError (
f'Expected {value!r} to be no more than {self.maxvalue!/r}'

class String(Validator) :

def _ init__ (self, minsize=None, maxsize=None, predicate=None) :
self.minsize = minsize
self.maxsize = maxsize
self.predicate = predicate

def validate(self, wvalue):
if not isinstance(value, str):
raise TypeError (f'Expected {value!/r} to be an str')
if self.minsize is not None and len(value) < self.minsize:
raise ValueError (
f'Expected {value!/r} to be no smaller than {self.minsize!/r}’'
)
if self.maxsize is not None and len(value) > self.maxsize:
raise ValueError (
f'Expected {value!r} to be no bigger than {self.maxsize!r}'
)
if self.predicate is not None and not self.predicate(value):
raise ValueError (
f'Expected {self.predicate} to be true for {value!/r}'
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class Component:

name = String(minsize=3, maxsize=10, predicate=str.isupper)
kind = OneOf ('wood', 'metal', 'plastic')
quantity = Number (minvalue=0)

def _ init__ (self, name, kind, quantity):
self.name = name
self.kind = kind
self.quantity = quantity

HaagEE 2R dagart sl s A4S AR

>>> Component ('Widget', 'metal', 5) # Blocked: 'Widget' is not all uppercase
Traceback (most recent call last):

ValueError: Expected <method 'isupper' of 'str' objects> to be true for 'Widget'

>>> Component ('WIDGET', 'metle', 5) # Blocked: 'metle' is misspelled
Traceback (most recent call last):

ValueError: Expected 'metle' to be one of {'metal', 'plastic', 'wood'}

>>> Component ('WIDGET', 'metal', -5) # Blocked: -5 1s negative
Traceback (most recent call last):
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ValueError: Expected -5 to be at least 0
>>> Component ('WIDGET', 'metal', 'V') # Blocked: 'V' isn't a number
Traceback (most recent call last):

TypeError: Expected 'V' to be an int or float

>>> ¢ = Component ('WIDGET', 'metal', 5) # Allowed: The inputs are valid
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descr.__get___(self, obj, type=None)
descr.__set__ (self, obj, value)
descr.__delete_ (self, obj)
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def find_name_in_mro(cls, name, default):
"Emulate _PyType_Lookup () in Objects/typeobject.c"
for base in cls. mro_
if name in vars (base):
return vars (base) [name]
return default

def object_getattribute (obj, name) :
"Emulate PyObject_GenericGetAttr () in Objects/object.c"
null = object ()
objtype = type (obj)

cls_var = find_name_in_mro (objtype, name, null)
descr_get = getattr(type(cls_var), '__get__ ', null)
if descr_get is not null:
if (hasattr(type(cls_var), '__set__ ")
or hasattr(type(cls_var), '__delete_ '")):
return descr_get (cls_var, obj, objtype) # data descriptor
if hasattr(obj, '__dict__ ') and name in vars (obj) :
return vars (obj) [name] # instance variable
if descr_get is not null:
return descr_get (cls_var, obj, objtype) # non-data descriptor
if cls_var is not null:
return cls_var # class variable

raise AttributeError (name)

Note, there is no __getattr__ () hook in the __ getattribute__ () code. That is why calling
__getattribute__ () directlyor with super () .__getattribute__ willbypass__getattr__ () en-
tirely.
Instead, it is the dot operator and the getattr () function that are responsible for invoking ___getattr__ ()
whenever __getattribute__ () raisesanAttributeError. Theirlogic is encapsulated in a helper function:
def getattr_hook (obj, name) :

"Emulate slot_tp_getattr_hook () in Objects/typeobject.c"

try:

return obj.__ _getattribute__ (name)
except AttributeError:
(th= sl o] A o] A<)
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if not hasattr(type(obj), '__getattr__ '):
raise
return type (obj)._ _getattr__ (obj, name) # __getattr

3.6 S=oA T=

A.x 28 A x3) o st 2L type._ getattribute_ () o dH5 Utk T A= object.
__getattribute_ ()9 %74]94 TAFSEA BE, QA" A E 4 g -l—ﬂ 7t Z2Hl 2 WAE A A

253 Ao AP YTt
Y23 HE 7 AE 1, desc.__get_ (None, A)Z2 SEFH Ut}

The full C implementation can be found in type_getattro() and _PyType_Lookup () in Ob-
jects/typeobject.c.

3.7 supero A &

The logic for super’s dotted lookup is in the __getattribute__ () method for object returned by super ().
A %3] super (A, obj).m2obj.__class_ ._ mro_ oA AHIE t}2o] 2= o]~ EFH 2 BE
AT B.__dict_ ['m'].__get_ (obj, A)E WEAFUCH Y2IYHE 7L oY H, mo] ¥ A H

A %2 A 2 vy Uk

The full C implementation can be found in super_getattro () in Objects/typeobject.c. A pure Python equiva-
lent can be found in Guido’s Tutorial.
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The implementation details are in t ype_new () and set_names () in Objects/typeobject.c.
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The following code is a simplified skeleton showing how data descriptors could be used to implement an object
relational mapping.
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class Field:

def _ set_name_ (self, owner, name):
self.fetch = f£'SELECT {name} FROM {owner.table} WHERE {owner.key/=?;"'
self.store = f'UPDATE {owner.table} SET {name}=? WHERE {owner.key}=7?;'

def _ get_ (self, obj, objtype=None) :
return conn.execute (self.fetch, [obj.key]).fetchone() [0]

def _ _set__ (self, obj, value):

conn.execute (self.store, [value, obj.key])
conn.commit ()

Field S8 AHEsto] dl ol Bl o] 9] Zh Hio] &0l th gk 27nkE 7 gste RS A &+ s

Ytk

class Movie:
table = 'Movies' # Table name
key = 'title' # Primary key
director = Field()
year = Field()

def _ init__ (self, key):
self.key = key

class Song:
table = 'Music'
key = 'title'
artist = Field()
year = Field()
genre = Field()

def _ _init__ (self, key):
self.key

key

23 AREste E, WA ool B o] o) A8 Al L

>>> import sqglite3
>>> conn = sqglite3.connect ('entertainment.db')

3l @ AL dlolE o] 2ol A H ol B & AW W I ol B & A ske e HogUth:
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>>> Movie ('Star Wars') .director
'George Lucas'
>>> jaws = Movie ('Jaws')

'Released in 1975 by Steven Spielberg'
>>> Song ('Country Roads') .artist

'John Denver'

>>> Movie ('Star Wars') .director
'J.J. Abrams'

>>> f'Released in {jaws.year} by {jaws.director}'

>>> Movie ('Star Wars') .director = 'J.J. Abrams'
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[property(fgetzNone, fset=None, fdel=None, doc=None) -> property

4% (doc) & B & ol 2Bl HE x8 A5 A

HA Q) AL S Bl FUTh

class C:
def getx(self): return self._ x
def setx(self, wvalue): self._ x = value

def delx(self): del self._ x

X = property(getx, setx, delx, "I'm the 'x' property.

vl)

UA3de 22 EF S| A property () 7} o LA = =4 &

2o] 9%tk

Adsteid, o 7] =53 ol F5

class Property:

self.fget = fget
self.fset = fset
self.fdel = fdel

doc = fget.__doc_
self. doc__ = doc
self._name = "'

def _ set_name__ (self, owner, name):
self._name = name

def _ get_ (self, obj, objtype=None) :
if obj is None:
return self
if self.fget is None:
raise AttributeError (

"Emulate PyProperty_Type () in Objects/descrobject.c"

def _ init__ (self, fget=None, fset=None, fdel=None,

if doc is None and fget is not None:

13

doc=None) :
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f'property {self._name!/r} of

—getter'

)
return self.fget (obj)
def _ _set__ (self, obj, value):
if self.fset is None:
raise AttributeError (

f'property {self._name!/r}

—~setter’

)
self.fset (obj, value)
def _ delete_ (self,

if

obj) :
self.fdel is None:
raise AttributeError (

f'property {self._name!/r}

—deleter'

)
self.fdel (obj)

def getter(self, fget):
prop = type(self) (fget,
prop._. self._name
return prop

self.fset, self.fdel,

name =

def setter(self, fset):
prop = type (self) (self.fget,
prop._ self._name

return prop

fset, self.fdel,

name =

def deleter(self, fdel):
prop = type(self) (self.fget,
prop._name = self._name

return prop

self.fset, fdel,

{type (obj) .

{type (obj) .

{type (obj) .__

self.

self.

self.

(o1 sl o] Al el A A%

name__ !r} object has no.

name__ !r} object has no.

name__ !r} object has no.

__doc__)

__doc__)

__doc_)

property () W& ALEAL I F| o] 27 ] BT RE AN 2E 3718 & 5 A A o] A=) 7))
87gd Yy =& FUY

oA & Eo], 2z EANEZF i%Cell('blo') valueg &af A gholl th st AN 25 571 = 5]
th Z2 I 5t &5 A AN AT wjnprt A o] A A 2k %J‘HLJ‘%E} shA] ut, Jilﬂﬁtﬂ%
oJEg|HE| A AN 2sts 7| E SEO|AE T FIFS Ul?ﬂi AR gFUT S 282 22 HE
| o] € qaﬂgai value o] E 2] H-E of th 3l AN A E ZM}— At

class Cell: )

@property

def value(self):
"Recalculate the cell before returning value"
self.recalc()
return self._value

W7 property ()

U 89 Property () S7FE 0] o] oA o A &
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class MethodType:
"Emulate PyMethod_Type in Objects/classobject.c"

def _ init__ (self, func, obj):

self. func_ = func
self. self = obj

def _ call (self, *args, **kwargs):
func = self. func

obj = self._ self
return func(obj, *args, **kwargs)

HA =9 2g A S A D8] fl8l], T A EGFE AMA Fo| MAEE AF6H7] 913 _get__ ()
MASE LRGP ok G ALB2o A A 255 5 A2 A= e ol
Oz gy 9L ST 25 P e oot 2o
class Function:
def _ get_ (self, obj, objtype=None) :
"Simulate func_descr_get () in Objects/funcobject.c"
if obj is None:
return self
return MethodType (self, obj)
AH Z 2 E oA th& 25 At AA = T Y2a Y E 7 AEote A S HoFyth
class D:
def f(self, x):

return x
ool E AAE A A5 ZT7EE o) & o= RES Itk
>>> D.f._ _gqualname_
'D fl
ZH2 gAY E S AA s __get_ ()2 TEFA FHUTh O, @A 3 T AAE
whE g o
>>> D._ dict_ ['f']
<function D.f at 0x00C45070>
el 2ol A AE B3 AM 2B TR SR FEE W ol WA E __ger_ (L TEFUT
>>> D.f
<function D.f at 0x00C45070>
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>>> d = D()
>>> d.f
<bound method D.f of <_ _main__.D object at 0x00B18C90>>

YRAoz AA49 v e 35 g4l A4 F A28 AE A4 h

>>> d.f._func___
<function D.f at 0x00C45070>

>>> d.f. self
<__main__ .D object at 0x00B18C90>

QA WA =0 A self 7} Ol Tl o) 4] %) = Feh 2 WA o] A cls7} o} oA 227 FE e Fo] gl
w, uh o] T

43 HA=] 5
H Hlol 8 tl AP E S Baol WASE sl g ekt QA e WY s ke AL AF
F ek

foFstd, ghpoll= __get_ () WIAETL IOl A EGRER AN 2T o viA =R WEE 5 Qs
th v "o AT YE = obj. £ (*args) £E S £ (obj, *args)Z WEFFYTH cls.f (*args
TEL2 f(*args) ZFE Yt}

o & ABT AP H52 T A WL Lok

H %} AR AN T= ZWzolN =2
sk f(obj, *args) f(*args)
staticmethod ~ f(*args) f(*args)

classmethod  f(type(obj), *args) f(cls, *args)

4.4 A BA =

AR A== R Qo] st dEutsdyrh c. fUC. f &2 object._ _getattribute_ (c,
"EM) \4-object._getattribute_(c, nEmy 2 A 23] A =SS 2AdAdo g d4
ARG ZAANA LA AAS B - AU

AA WA O] AE FHE s fﬁ¢§§zal%%WHE@qw

g £, 74]«’117]7‘]% A9 ol 8 E 9

of o £ A6 A7, B S A7
o1 sheislel 1, ol o1 oA e B I ELE 5 ] S ol ens (o
£ A A SHAAD, S S0 A 30 9 5 g Ml A FH Y A

ZroA TE T QY5 UTh s erf(1.5) ——> .9332 X Sample.erf(1.5) —--> .9332
AA WA= HF glo] 3t T4E st n g, A &2 T EA g5t
class E:

@staticmethod

def f(x):

return x * 10

>>> E.f (3)
30

>>> E().£(3)
30

H tlolBl 23y Z2 EZFS AHESHH, 4 to]d WA 9 staticmethod () & a3 25U Th:
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import functools

class StaticMethod:
"Emulate PyStaticMethod_Type () in Objects/funcobject.c"

def _ init_ (self, f):
self.f = £
functools.update_wrapper (self, £f)

def _ get_ (self, obj, objtype=None) :
return self.f

def _ call__ (self, *args, **kwds):
return self.f (*args, **kwds)

The functools.update_wrapper () calladdsa___wrapped___ attribute that refers to the underlying func-
tion. Also it carries forward the attributes necessary to make the wrapper look like the wrapped function: __name
_ _qualname_ ,_ doc_ ,and __annotations_

J—)

45 22 A

A A ge), FHAWASE G5

158 5557 Aol Fes B2 E A% B G FAFU L of
34 EEA7 AR L A2 D ) 245U o

class F:

@classmethod

def f(cls, x):

return cls._ name_ , X

>>> F.f(3) ]
("', 3)
>>> F () .£(3)
('"F', 3)
ol e 57k Fela Fx W By 54 ad 20 AGH volelol] o EokA) FL w) H-83
o. 2ol WA =0 2 71A 8 BE& o Sos A4S e AL AF Bol, Fea A
dict.fromkeys () & 7] B2 EqA A} A2 & B UTH €53 sto]d 55 22 oA 25 Uth

class Dict (dict) :
@classmethod
def fromkeys(cls, iterable, value=None) :
"Emulate dict_fromkeys () in Objects/dictobject.c"

d = cls{()

for key in iterable:
dlkey] value

return d

olAl A+ 71 MER gAY E s 2ol 74 2 5 s Uth

>>> d = Dict.fromkeys ('abracadabra')
>>> type(d) is Dict

True

>>> d

{'a': None, 'b': None, 'r': None, 'c': None, 'd': None}

H HlolE JaaHe T2 EZS AMRSHY, &4 o] A A9 classmethod () + T3 25Ut

import functools

(h& s o] A ol A <)
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class ClassMethod:
"Emulate PyClassMethod_Type () in Objects/funcobject.c"

def _ init_ (self, f):
self.f = £
functools.update_wrapper (self, f)

def _ get_ (self, obj, cls=None):

if cls is None:
cls = type (obj)

if hasattr(type(self.f), '__get_ "):
# This code path was added in Python 3.9
# and was deprecated in Python 3.11.
return self.f._ _get__ (cls, cls)

return MethodType (self.f, cls)

The code path for hasattr (type (self.f), '__get__ ') was added in Python 3.9 and makes it possible
for classmethod () to support chained decorators. For example, a classmethod and property could be chained
together. In Python 3.11, this functionality was deprecated.

class G:
@classmethod
@property
def _ doc_ (cls):
return f'A doc for {cls._ _name__ !r}'

>>> G._ doc___
"A doc for 'G'"

J

The functools.update_wrapper () callin ClassMethod addsa ___wrapped___ attribute that refers to
the underlying function. Also it carries forward the attributes necessary to make the wrapper look like the wrapped
function: _ _name_ ,_ qualname_ ,_ doc_ ,and __annotations_ .

4.6 Fw] A A2} __slots__
227t __slots__E Hoa, A2BA AV S £23e] 14 o] WidE upFUTh A}
FRANA A 72 ZFIE dEUTh

1- A7 AR B RE YL AT WIS SA AAFUTE _slots_ ol A AJEHE

o5 @ 589k

class Vehicle:

il

__slots_ = ('id_number', 'make', 'model')

>>> aguto = Vehicle ()
>>> auto.id_nubmer = 'VYE483814LOEX'
Traceback (most recent call last):

AttributeError: 'Vehicle' object has no attribute 'id_nubmer'

2-Y23YE7F__slots__ol AH 7H o] EZRE st FAAE Aot EH AAE D=+
ol =] Ytk
class Immutable:

__slots__ = ('_dept', '_name') # Replace the instance dictionary

def _ init__ (self, dept, name):
self._dept = dept # Store to private attribute
(th= sl o] A el A%)
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self._name = name # Store to private attribute

@property # Read-only descriptor
def dept (self):
return self._dept

@property
def name (self): # Read-only descriptor
return self._name

>>> mark = Immutable ('Botany', 'Mark Watney')
>>> mark.dept

'Botany'

>>> mark.dept = 'Space Pirate'

Traceback (most recent call last):

AttributeError: property 'dept' of 'Immutable' object has no setter
>>> mark.location = 'Mars'
Traceback (most recent call last):

AttributeError: 'Immutable' object has no attribute 'location'

3- 0228 Aok 64 E 2w MEA A F ]9 o ERRET} 9l AnEAE__slots_Tt
9lom 48uto] B, ¢lo 152uko] ES AR 3T o] Z o] 9| o] = (flyweight) T) A9 7 €& wh-e 420
JAAB A7 SOl o 5 2 3 o).

4. Improves speed. Reading instance variables is 35% faster with ___slots__ (as measured with Python 3.10 on
an Apple M1 processor).

5. Blocks tools like functools.cached_property () which require an instance dictionary to function cor-
rectly:

from functools import cached_property

class CP:
__slots___ = () # Eliminates the instance dict
@cached_property # Requires an instance dict

def pi(self):
return 4 * sum((-1.0)**n / (2.0*n + 1.0)
for n in reversed(range (100_000)))

>>> CP() .pi
Traceback (most recent call last):

TypeError: No '__dict__ ' attribute on 'CP' instance to cache 'pi' property.

__slots__ 9 A& gbo)A EFA HAESE £ A2 EVFsFUh CFxA 0 A AA| 23k
AA w22 FFS AoJslof 7] Wl EJ Ut 28 &5 g3k A A C:rLZZﬂﬂ- 7MQl _slotvalues
g A Eof o3| U*}ﬂ =7 SARAEHNAE 5 T syt llF AD F2A ol e ¢ 712k
2 7)1 W a3 ge ol o Felgych:
null = object () \
class Member:

def _ init_ (self, name, clsname, offset):

'Emulate PyMemberDef in Include/structmember.h'
# Also see descr_new() in Objects/descrobject.c
self.name = name

(= ol Al ol A<
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(o] A | o] A el A Al)

self.clsname = clsname
self.offset = offset

def _ get_ (self, obj, objtype=None) :
'Emulate member_get () in Objects/descrobject.c'
# Also see PyMember_ GetOne () in Python/structmember.c
if obj is None:
return self
value = obj._slotvalues|[self.offset]
if value is null:
raise AttributeError (self.name)
return value

def _ set_ (self, obj, value):
'Emulate member_set () in Objects/descrobject.c'
obj._slotvalues|[self.offset] = value

def _ delete_ (self, obj):
'Emulate member_delete () in Objects/descrobject.c'
value = obj._slotvalues[self.offset]
if value is null:
raise AttributeError (self.name)
obj._slotvalues[self.offset] = null

def _ repr__ (self):
'Emulate member_repr () in Objects/descrobject.c'
return f'<Member {self.name!/r} of {self.clsname!/r}>"'

type.__new__ () MINEE 2 Aol W@ AAE F7bete Ae A doh:

class Type (type) :
'Simulate how the type metaclass adds member objects for slots'

'Emulate type_new () in Objects/typeobject.c'
# type_new () calls PyTypeReady () which calls add_methods ()
slot_names = mapping.get ('slot_names', [])
for offset, name in enumerate (slot_names) :
mapping[name] = Member (name, clsname, offset)
return type._ new__ (mcls, clsname, bases, mapping, **kwargs)

def new__ (mcls, clsname, bases, mapping, **kwargs):

object . _new__() MAEE AxEA 9T BhAl £Fo] Y AAHAS BEL
%

T}3-2 %4 shol Ae] thekd ol A B 2lo] 4 gy oF:

class Object:

'Simulate how object._ new__ () allocates memory for _ slots_ '
def _ new__ (cls, *args, **kwargs):
'Emulate object_new() in Objects/typeobject.c'
inst = super().__new__ (cls)
if hasattr(cls, 'slot_names'):
empty_slots = [null] * len(cls.slot_names)
object.__setattr__ (inst, '_slotvalues', empty_slots)

return inst

def _ setattr_ (self, name, value):
'Emulate _PyObject_GenericSetAttrWithDict () Objects/object.c'
cls = type(self)
if hasattr(cls, 'slot_names') and name not in cls.slot_names:
raise AttributeError (

1

f'{cls.__name__!r} object has no attribute {name!/r}’'

20
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)

super () .__setattr__ (name, value)

def _ delattr_ (self, name):
'Emulate _PyObject_GenericSetAttrWithDict () Objects/object.c'
cls = type(self)
if hasattr(cls, 'slot_names') and name not in cls.slot_names:
raise AttributeError (
f'{cls.__name__!r} object has no attribute {name!/r}'

)

super () .__delattr__ (name)

J

WA Zeh 2o A A B o] A AHgFE W, object ol A A&t WE SehAE Typeo s Aot
gk

class H(Object, metaclass=Type) :
'Instance variables stored in slots'

slot_names = ['x', 'y']
def _ init_ (self, x, y):
self.x = x
self.y =y

o] Alol A, vl el ZelE x 2 yoll the i AAE 2=PsYch

>>> from pprint import pp
>>> pp (dict (vars (H)))

{'__module_ ': '_ _main_ ',
'__doc__': 'Instance variables stored in slots',
'slot_names': ['x', 'yv'l],
'_init_ '": <function H._ init__ at 0x7fb5d302f9d0>,
'x': <Member 'x' of 'H'>,

'y': <Member 'y' of 'H'>}

Aadxrtbsold uf, o EB| R EZF A ZH £ slot_values B 2EE ZrFUTh

>>> h = H(10, 20)

>>> vars (h)
{'_slotvalues': [10, 20]}
>>> h.x = 55

>>> vars (h)
{'_slotvalues': [55, 20]}

AR B AL A A A FL o =P HEL o 98 WA YU

>>> h.xz
Traceback (most recent call last):

AttributeError: 'H' object has no attribute 'xz'
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